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(54) [Title of the Invention] Liquid crystal display device 
(57) [Abstract] (Corrected) 

[Object] To automatically adjust the contrast and backlight luminosity to suit the display content 
[Constitution] This liquid crystal display device is provided with a means that reads data from video 
memory and determines its data structure, and by then controlling the contrast and backlight luminosity 
of the LCD based on the determination result and the non-input time following a change in the data in 
the video memory, can control the contrast and backlight luminosity values according to the display 
content, thereby producing a display screen on which shades of gray as well as characters and images 
are always easily recognizable. 

[Claims] 

[Claim 1] In a liquid crystal display device having video memory that stores display data, a liquid 
crystal display device controller that accesses said video memory and sends display data and timing 
signals to a liquid crystal display area, a contrast adjustment means that adjusts the contrast of the liquid 
crystal display area, and a backlight adjustment means that adjusts the luminosity of the backlight; the 
liquid crystal display device characterized by comprising a data determination means that reads display 
data out of the video memory and determines the data content, and a contrast control means that controls 
the contrast adjustment means and a backlight control means that controls the backlight adjustment 
means that are both based on the result of said determination result. 

[Claim 2] The liquid crystal display device according to Claim 1, further comprising a timer means 
which specifies the wait time between the writing of data into said video memory and the reading of 
data from video memory by said data determination means, and wherein said wait time can be varied. 
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[Claim 3] In a liquid crystal display device having video memory that stores display data, a controller 
that accesses said video memory and sends display data and timing signals to a liquid crystal display 
area, a contrast adjustment means that adjusts the contrast of the liquid crystal display area, and a 
backlight adjustment means that adjusts the luminosity of the backlight; the liquid crystal display device 
characterized by comprising a data determination means that reads display data out of said video 
memory and determines the data content, a timer means having two output systems, and a contrast 
control means that controls said contrast adjustment means and a backlight control means that controls 
said backlight adjustment means that are both based on the output from one of the systems of said timer 
means and the determination result from the data determination means; and wherein the output from the 
other system of said timer means is used as the wait time between the writing of data into said video 
memory and the reading of data from said video memory by said data determination means. 

[Detailed Explanation of the Invention] 
[0001] 

[Field of Industrial Use] The present invention relates to a liquid crystal display device, and more 
particularly to a liquid crystal display device that has a contrast-controlling function and a backlight- 
controlling function. 

[0002] 

[Prior Art] The operation of a conventional liquid crystal display device (hereafter referred to as an "LCD") 
will be explained using the hardware configuration block diagram shown in Figure 8. When the image data 
to be displayed is sent from a CPU 101, the timing or address of said data is adjusted by an LCD controller, 
and the resulting data is written into a VRAM 103. The LCD controller 102 sequentially reads out the 
gradation data inside the VRAM 103, converts it into frame interpolation data, and sends it to an LCD 
module 104 to be displayed. 

[0003] The contrast and backlight luminosity of an LCD screen can be adjusted according to the display 
content. For example, if the image on the screen is mostly dark with few differences in density, both the 
contrast and backlight luminosity can be increased. This will result in a display screen on which gradations 
as well as characters and images become more easily recognizable. The LCD module 104 is provided with 
a contrast-adjustment means and a backlight-adjustment means 106. Both these control means are manually 
adjusted by the user of the LCD device using control buttons or dials. Some backlight adjustment means are 
also provided with an auto power-off function, which shuts off the backlight when no input is received for a 
specified amount of time. 

[0004] 

[Problems To Be Solved By The Invention] As explained above, to control the contrast or backlight 
luminosity of an LCD, the user normally operates control buttons or dials. However, the contrast and 
backlight luminosity values that optimally facilitate the recognition of gradations vary depending on the 
display content. Consequently, to obtain the optimal contrast and backlight luminosity values for display 
content, the user must adjust the control buttons or dials every time the display content changes. 

[0005] As a result, the user tends to adjust the contrast and backlight luminosity values to levels that are 
excessively high and leave them there. However, continuously straining to view images that are difficult to 
recognize poses the risk of rapid eye fatigue for the user. Furthermore, since the auto power-off function 
completely shuts off the backlight, the display content problematically becomes invisible. 

[0006] 

[Means for Solving the Problems and Operation of the Invention] In order to solve the aforementioned 
problems, an LCD according to the present invention is provided with a means that reads data out of 
VRAM and determines its data structure, and then controls the contrast or backlight luminosity of the 
LCD based on the determination result and non-input time following a change in the VRAM data. 
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[0007] 

[Embodiments] Embodiments of the present invention are explained in detail below, referencing the drawings. 

[0008] Figure 1 is a hardware configuration block diagram of an embodiment of the present invention. 
Here, the number 101 indicates a CPU, 102 is an LCD controller, 103 is VRAM, 104 is an LCD, 105 is 
a data determination means, 106 is a contrast/backlight luminosity adjustment means. The data 
determination means 105 reads data out of the VRAM 103, makes a determination according to 
predetermined conditions, and then controls the contrast/backlight luminosity adjustment means 106 
based on the determination result. 

[0009] Next, the operation of the data determination means 105 will be explained using the more 
detailed block diagram of the data determination means 105 shown in Figure 2. 

[0010] When a VRAM write detection circuit 201 detects that data has been written by the controller 
into the VRAM (Step 301), it is determined whether or not a timer in a timer circuit 202 is active (Step 
302). If the timer is not active, its counter is activated (Step 304). If the timer is active, its counter is 
reset (Step 303) and activated in Step 304. When the timer circuit 202 reaches a preset count, a read 
control circuit 203 outputs the control signal and address signal for reading the display data inside the 
VRAM 103, and, in the case of an LCD display device that can display 16 shades of gray, 4 bits of 
grayscale data are read for each pixel. 

[001 1] Here, VRAM data is read after it has been confirmed that there has been no VRAM write for a 
specified duration following VRAM write detection. This is because changing the contrast and backlight 
luminosity values every time the display content changes would cause the screen to visibly flicker if the 
display content changes frequently. Additionally, by making the timer count time variable, it becomes 
possible to set the timer count time as desired to follow the changes in the display content. In this case, 
the VRAM data is read during periods in which no data for refreshing the display screen is being read 
by the LCD controller 102. 

[00 1 2] The VRAM data that is read is sent to a data determination circuit 204. 

[0013] The data determination circuit 204 has 16 flags that correspond to the 16 possible values that can 
be assumed by the 4 bits of data for a single pixel, and a flag is set when the corresponding 4 bits of data 
is read. This operation is performed for all the pixels. 

[0014] Next, the difference between the highest- and lowest-order flags that have been set is calculated, 
and this value Ri is used for controlling the contrast value. Likewise, the average of the highest- and 
lowest-order flags that have been set is calculated, and this value R 2 is used for controlling the backlight 
luminosity value. 

[0015] Next, the operation of the contrast control operation will be explained using the circuit 
configuration example of the contrast control circuit 205 shown in Figure 4 and the operational 
flowchart of said circuit shown in Figure 5. A comparator 401 compares Ri, which was input in Step 
501, with the value R obtained by converting the current contrast value from analog to digital by an A/D 
converter circuit 405 (Step 502). The comparison result is sent to an up/down counter 402. That is, if Ri 
> R, the counter is incremented (Step 504), and if R\ < R, the counter is decremented (Step 507). The 
output of the counter 402 is sent to a selector 403, which uses it as a selection input for selecting one of 
Qo through Q 4 to be connected to A. As a result of selecting one of Q 0 through Q 4 based on said 
selection input and connecting it to A, the contrast value V out is controlled (V out is increased in Step 505 
or decreased in Step 508). Here, if the selector outputs are assumed to be Qo through Q„, the default 
value of the up/down counter is set to if n is an even number (n kilo), and to the following if n is an 
odd number: 
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[0016] 

[External formula 1] 

0(n-l )/2 

When the user operates the control button or dial or when the switch is turned on, the up/down counter 402 
is set to this default value. Furthermore, if a selection input for selecting Q 0 or Q n as the selector output in 
Step 503 or 506 is input into the selector 403, a comparator output-stopping circuit 404 is activated to 
prevent further incrementing (in the case of Step 503) or decrementing of the timer (in the case of Step 506). 

[0017] Based on the aforementioned series of operations, if R| is large, that is if the difference between 
the darkest and brightest dots on the screen is large, the contrast value V out can be decreased, while if the 
difference is small, the contrast value V out can be increased. 

[0018] Likewise, by using the average value R 2 between the highest- and lowest-order flags to operate a 
backlight control circuit having a similar configuration to that of the contrast control circuit 205, the 
backlight luminosity value can be decreased if R 2 is large and increased if R 2 is small. 

[0019] (Second Embodiment) In the aforementioned embodiment, the difference between and average 
of the largest and smallest data values are used for determining the structure of the data inside the 
VRAM 103. However, other methods can of course be used as well. 

[0020] An embodiment is described below in which the average of the MSBs of the VRAM data is used 
for determining the data structure. 

[0021] In this embodiment, the data determination circuit 204 in the detailed block diagram of the data 
determination means 105 shown in Figure 2 is configured as shown in Figure 6. 

[0022] The operation for controlling the contrast value or backlight luminosity value is explained below, 
referencing Figure 2. 

[0023] When the VRAM write detection circuit 201 detects a VRAM write operation, the timer circuit 
202 first confirms that no new VRAM write operation has occurred for a specified duration, and then 
the read control circuit 203 outputs the address signal and control signal for reading VRAM data. In the 
previous embodiment, the address signal and control signal were configured so as to sequentially read 4 
bits of data for each pixel. In contrast, in the present embodiment, the address signal and control signal 
are configured such that only the MSBs of the 4 bits of data for each pixel are read in 4-pixel increments 
to be used as the 4 bits of data. 

[0024] Figure 7 shows the difference between the 4 bits of data that are read into the data determination 
circuit in the previous and present embodiments. 

[0025] Figure 7-A shows the 4 bits of data used in the previous embodiment and Figure 7-B shows the 4 
bits used in the present embodiment. In the present embodiment, since only the MSBs of the data are 
read, the amount of data that needs to be read is only 1/4 that required in the previous embodiment, 
which is advantageous. The 4 bits of data that are read are sent to the data determination circuit shown 
in Figure 6, and are then converted into serial data by a parallel/serial conversion circuit 601 and input 
into a counter 602 where they are counted. This operation is performed for all pixels. Here, if the 
display screen has 640 x 480 dots, the counter 602 requires 19 bits. After the data for all pixels has been 
counted, the output of the highest 4 bits from the counter 602 is treated as the average MSB value R 3 . 
Using this value R3, as shown in Figures 4 and 5, the contrast or backlight luminosity value is 
controlled, as in the previous embodiment. 
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[0026] (Third Embodiment) In the first and second embodiments, the contrast or backlight luminosity 
value is controlled by reading the data out of the VRAM 103 and determining its data structure. 
However, it is also possible to add a determination means that is based on the timer circuit 202. A third 
embodiment is explained in detail below, referencing the drawings. 

[0027] Figure 9 shows a detailed block diagram of the data determination means 105 used in the present 
embodiment. 

[0028] When the VRAM write detection circuit 201 detects that data has been written by the controller 
into the VRAM 103, a timer circuit 902 runs as a timer according to the flowchart shown in Figure 3. 
Here, two sets of timer times Ti and T 2 (where T, « T 2 ) can be set in the timer circuit 902. When the 
timer circuit 902 has counted timer time T,, the display data inside the VRAM 103 is read into the data 
determination circuit 204 based on the control signal and address signal that are output by the read 
control circuit 203, in the same manner as in the first and second embodiments. The data determination 
circuit 204 then determines the data structure based on said display data and outputs 4 bits of 
determination data. Said determination data is sent to the contrast control circuit 205 or a backlight 
control circuit 901. Additionally, in the present embodiment, both a timeout signal T out , which indicates 
whether or not the timer circuit 902 has counted timer time T 2; and a timeout reset signal T res , which 
indicates that the CPU 101 has detected that the user has operated the device for the first time since the 
timeout signal T out became active, are also input into the backlight control circuit 901. 

[0029] Next, the backlight control operation will be explained, using the backlight control circuit 
configuration example of the present embodiment shown in Figure 10. 

[0030] Here, numeral 1001 indicates a timeout-setting circuit, which is configured to connect terminal C 
with terminal A when the timeout signal T out is active, and to connect terminal C with terminal B when 
the timeout signal T out is inactive. Additionally, 1002 indicates a timeout-resetting circuit, which resets 
the timeout signal T out based on the timeout reset signal T res . 

[0031] When the timeout signal T ou t is inactive, the timeout-setting circuit 1001 connects terminal C 
with terminal B, and the backlight control circuit 901 acts in the same way as the backlight control 
circuit 206 in the first and second embodiments. 

[0032] When the timeout signal T out becomes active, the timeout-setting circuit 1001 only reduces the 
backlight luminosity value V out by about half by connecting terminal C with terminal A. 

[0033] Furthermore, in this state, if the timeout reset signal T res is input, the timeout-resetting circuit 
1002 resets the timeout signal T out , the timeout-setting circuit 1001 connects terminal C with terminal B, 
and the up/down counter 402 is set to its default value. 

[0034] 

[Effects of the Invention] As explained above, by reading data out of the VRAM and using the data 
determination circuit, the present invention makes it possible to automatically control the contrast and 
backlight luminosity values, which previously required manual control by the user. As a result, the 
contrast and backlight luminosity values can be controlled according to the display content, producing a 
display screen on which the shades of gray as well as characters and images are always easily 
recognizable. 

[0035] Furthermore, considering the fact that users tend to set the contrast and backlight luminosity 
values unnecessarily high, use of the present invention has the effect of reducing the power consumption 
of the LCD device. 
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[0036] Additionally, the ability to set any desired value for the timer time, which specifies how long to 
wait before changing the contrast value or backlight luminosity value after the display content changes, 
prevents the screen flickering that would occur if the display content changed too frequently. 

[0037] In addition to the aforementioned effects, the invention according to the second [sic] 
embodiment provides another effect. That is, if there is no input during a preset duration, the backlight 
luminosity value is only reduced by about half, allowing display content that used to become completely 
invisible to be maintained at a recognizable level. 

[Brief Explanation of Drawings] 

[Figure 1 ] A hardware configuration block diagram of an embodiment according to the present invention. 
[Figure 2] A more detailed block diagram of the data determination means 105 shown in Figure 1. 
[Figure 3] A flowchart showing the steps from VRAM write detection to read control. 
[Figure 4] A drawing illustrating a contrast control circuit configuration example. 
[Figure 5] A flowchart showing the operations shown in Figure 4. . 

[Figure 6] A block diagram illustrating the data determination circuit of the second embodiment of the 
present invention. 

[Figure 7] A diagram illustrating the difference between the data read in two embodiments of the 
present invention. 

[Figure 8] A hardware configuration block diagram of a conventional LCD. 

[Figure 9] A more detailed block diagram of the data determination means 105 in the third embodiment 
of the present invention. 

[Figure 10] A drawing illustrating the backlight control circuit configuration example in the third 
embodiment of the present invention. 

[Explanation of Symbols] 
101: CPU 

102: LCD controller 

103: VRAM 

104: LCD module 

105: Data determination means 

106: Contrast/backlight adjustment means 

Figure 1 

102: LCD controller 

104: LCD module 

105: Data determination means 

106: Contrast/backlight adjustment means 

Figure 2 

201: VRAM write detection circuit 
202: Timer circuit 
203: Read control circuit 
204: Data determination circuit 
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205: Contrast adjustment circuit 
206: Backlight adjustment circuit 

Figure 3 

301: VRAM write is detected. 
302: Is the timer active? 
303: Counter is reset. 
304: Timer is incremented. 

Figure 8 

Figure 4 
Set input 

404: Comparator output-stopping circuit 

404: Comparator 

402: Up/down counter 

403: Selector Selection input 

405: A/D conversion circuit 

Figure 5 

504: Is the selector output Q 0 or Q 4 ? 
504: Counter is incremented. 
505: V out is increased. 
506: Is the selector output Q 0 or Q 4 ? 
507: Counter is decremented. 
508: Vout is decreased. 

Figure 6 

601: Parallel/serial conversion circuit 
602: Counter Upper 4 bits 

Figure 7 

Figure 9 

902: Timer circuit 

901 : Backlight control circuit 

Figure 10 
Set input 

1001: Timeout-setting circuit 
1002: Timeout-resetting circuit 



Cl9)H*H«F»F/f CJP) (12) & 45= 1^ & ^ (A) Ul)18frHiBlfira**5 

#11^5-127608 

(43)&MB ¥f£5*f-(1993)5/!25B 



(51)IntCl. s IffigiJSB^ JrF^Sa#^ F I StBS^flBr 

G 0 9 G 3/18 7926-5C 

G 0 2 F 1/133 5 7 5 7820 -2K 

1/1335 5 3 0 7724-2K 



%&mm *s?# m*mc»m3(.± 8 h) 



(2i)tngi#^ 


9$B?¥3-287749 


(71)*PA 


000001007 










(22)(HH}B 


¥^3^(1991)11/! 1 B 




^SIB^EETA? 3TB30#2^ 
















m^S5±EETA? 3 Tg30#2^-*+ y 
















Sffl 








m^lSAEETA? 3TB30#2^-*i'y 
















$62. 








HJaCattEIXTAif 3 TS30#2^*+ y 














(74)ftSA 


#a± Aft (8- 



(54) [JMBo^l);] »di£**&B 



(57) [fift] («iEW) 



101 



102 



104 









c 
p 
u 




LCD 








3> hp-7 







103 



105 



VRAM 



g 1 



106 



(2) 

1 

*«F«i-rS«fflFll*OlSH» 1 3HSE»©iftfi3i>S« 

i- Iftf ^-*&©-|&K©Hi;ttRe^-**J)£*& 
[0 0 0 1 ] 

[0 00 2] 40 
[fE*©8Sfi] S£*©?KS^7n^S (Ji(T. LCDif 
0 ) ©S&mc-^TS 8 tc^fc^- Fflf^a 7 ?0 

^ffl^TUiD^S. C PU 1 0 1 frhmnT^m®.? 
-£#j!e>ft-2>£. tf-ifBLCD3>|-n-5(c*) 

t,>-c*v 5.>t/mzT puxzmmzin* VRAMIO 

3K##C*ftS„ LCD3>Fa-7l02« 1 VR 
AM 1 0 3to<DVm?~%*W&MfrZfr, 
SI^-^tc^gSsL. LCD^a-JU04«D, 

[0 00 3 ] LCD©iliEsS3Sf(C«. 3> h^X hsfiJIS 50 



- 1 2 7 6 0 8 

2 

e*s^t»iliffi©«J^cc«. =3 > I- ^ x h * ± -5 <L £ 

*ST*S5„ LC D-ty^A 1 0 4CC(i3> h^X MJS) 

m^&jSt.V'i ■< vwmz-wt. 1 0 QwmfL-c&z. 
PiSJfiE*&©ffl»tt. ^';^-A(cj:0. $IS©{£ffl^ 
*i^s!rctf«c-3-c(,»ft:. X, ^'7 i/v-Y hmm^mc-o 

?fi*rrs4>© h • • +7) #&ofc„ 

[0004] 

[f6Wft?^t«t^<tLTl»SSgi] Mi£©<J:5U:LC 

*fWSPT * cc tt . tewta*?*-? jk y ^ - a *}sift-r 
[0005] z<Dtc&>. mmmt. ^b^^vmssxf 

t*9 9 h»Sffi*+7>«±tCit5<SffiU. ^-©SS 
»Bl/**%-C*-7fc. ^^-C> {select -^-Ctt^ 
©HUttliiffiiMawSCiJcJ:*). IB©ai»ffi»*JS 
<ShWofc. X. h • -'n' , 7- • ^-^-Cti. ^'7 

[0006] 

[BWI«rJKStrSfc«>©#IKRDtffffl] t9SE©RjB*JK 
^-r-5./ci6(C. ^Hgtc^^LCDfti. VRAMrt© 

©MA^jBf H©f!B£fSSK:a-3* . LCD©3>h^X 

7 5»v hOK**fliW-r ^ C 1 1 Ltc. 
[0 00 7] 

[ 0 0 0 8 ] m l «*»W©-H*fi««:J: S^- KfllfiR 
T'n^i'H-C*?,,, CCT, IOIBCPU, 10 2« 
LCD3X-P-7, 10 3BVRAM, 104IJLC 
D. I 0 S W&£®>. I 0 6tt3i> h^X h • 

'^77^ nfaaHSE*a-c*&. T-*¥m&n. \ 0 

5KVRAM1 0 SOt'-^^K^C^. 3f5£©^{C 
•fcifJ^^tf^l*. ^-©*iJ^tS*(cJ;0. =J>h^Xh 

• ^ 7 ^ =7 4 h JfffiSSM^K l 0 6 <DMW*Vf tJi -5 . 

[0009] &(C. 02(C^O/c7 r -**lI5E^© l 0 5 
©J:»)ttffltt:/n»*H*ffll»T^-3r«}e#ai o 5 
©I6ff«rSiW^«. 

[00 l 0] VRAM? Y h^fflIH^20 l {C*Jt,>T. 



3 

tfi3ft£<t (^f^30 1) . %4 v^@K2 0 2CC 

&'J-te? (^r77'3 0 3) . Xr77'3 04(Ct 

ifc»6htol^B*ra# , >> h-TSi. V- FWlg]K2 
0 3 tCfc^tVRAM 1 0 3 ftc^^T^ Ctf 

/c&cdhwi f u xft sti, i6 mmm 

^*«?I»ttLCD*5x«a©ia^-HiI3Ra&0 4b i t 

[0 0 1 1 ] CCt, VRAM7 -Y h«ffl3^6— ^H$fH 
IfcttVRAM7^ F#ftl>C£*W;fr*-C*>6. VR 

f^^&C<b#"5Jfig<tft£. C©^VRAMf-^S! 
1 0 2CcJ:£f r -£ F*JJtc3tir^ttt*)BIBI 

KtTft*>ft£. 

[0012] H^CStl/cVRAMf-^tif-^ 
[0013] ^-**iJ£[§IBS2 0 4Vtt-mm<D4 b i 

tf-^*Ji^s i dmKKomicmcx 1 6*©^^ 

ft^„ 

STflt^^^OH^ri*), ^©ffiRt&ri:/ F5X Fffi 

[0015] «Ttc[34Cc^b/cn> h^x hMfflrSft 
2 0 5c^0?§^Wcb05CC^L/cI^[p]^CD^^P- 

^^-h^fflt^r, h«|fflWifPK:oc»r»w 

> F :?X Ha*A/D^gaslH4 0 5 CCfoHTA/DSl 
fel/cfR*3>'b-^ 0 l*CitfjhT£ 
50 2) fl iMSJSStt. 7^ • ^>^-)>M0 2 
CC^6*i4. Bfl^, R,>Rft6>tf, t>*jZs*i%:T vV 
L (Xf 77*5 04) % R t <R&6tf, #^>*£# 
V>?Z> (Xf 77*507) . *^>*4 0 2<DHJ*f 
-feU^ £4 0 3CCi*6ft. -feU^£4 0 3CC:fol> 
Ai, Q 0 ~Q4©-ooigJR0rjg^TSfc*cDja 
!RA*£ftS. g^tRA*fc:J:0, Q 0 -Q 4 cd— o^i! 
^tiAi^^n^cir, 3>h7XhiVout 

(Dffl'ffl (X7*7^5 0 5CCTV o u t<DT v7M'&<D%± 



(3) 1f gg^P 5- 1 2 7 60 8 

4 

ffl, X^7^5 0 8CC-C^^>©JfflI<D^a) *lfftttotl 
£ 0 CC~C % 777*' y^?>^7^>^ti, r^^Fffi 

(n*D) 04*«Q n/I , n 
[00 16] 
[J4l J 

Q 

cc 3 ft £ x 5 (c ft o r 4c5 0 , sub * r ; ^ - a * 

10 HlffiL/ci*. j£&*x>( 7^ • *>H#{ctt, c<D?y * 
;bHBMcT W * ^>^>)>^40 2«;t9:3£3ft&o 
X, Xf7 7'5 0 3^iX f 7 7*5 0 6C£TirU^£tU 
^j&SQ.StiQ.SilJR-r* J: 9 ft3ii/?A;£>£-fc u £ % 4 
0 3&CA*2ft£<!:> 3>;SU-^ffl^±@Jg4 0 4 

^3nfti><fc^K:*r^ e 

[00 17]«_L, jfi^-C^fc— a©16ffiCC«tD, R t 
ttffi#**l>»^ B|J%ffiffi<D*fcBf<,> F 7 F tm&w 
20 Sl» F 7 h<0£A*>^St»*ff^CCii % 3>h7^MVo 
utW<U ^/h3C^ifl^C«n> F^x MfiV 
o u t £A£ < -TSMiBlitfft 5 CijOTIfiiittS. 

[00 1 8] lUSHc, ®±{47^y<hgT{47^^cD^ 
^<SR,£ffl(,>T, 3>F^XF*fWia!S2 0 5 4igti 

< i I > o /c^Jffll^tf ft 5 C 4 *5 pjfgr * 

30 [0019] (Iff 2 maiCD^ffi^Irii, V R 

AMI 0 3ft(Dr-2ffiM<DmmJj&±LX. 7=-Z<D 

[0020] £lT«C«ffi*ffii LTV RAMf- ^(DM 

[002 1] ***«-rtt. 02^0^-^ *BE# 
SI O5(DI¥fflft7'n7^0O*(Df r -^^Iil»S2O 
4^06<DJ:^CC«fi£-rS. 

[0 022]KT, H2fcS£t> l 3>F7^Fi»A' 

40 7 FiWfi«<owflWft*ttW'r*. 

[0 02 3] VRAM^ b&ttiMm20 1 (CfcC^r, 
VRAM7-/ h^fflSnSi, ^Yv-[g]Sg2 0 2 

— ^pa^ff/cftVRAM^W h^^ciii 
!SUr^6. U- F'*B©@K2 0 3lC*5l>T, VRAM 

To C<D4*. HMiC'ieSfiWrtt. — Bj^4 b i tf-^ 
ctf*n< r Fuxft#sv©jffli«^«^3 

SB<D^^4iii^#{4rSc^C^. 4b i tf'-^iT 
50 Z>£>)K.T FUXff-^RO'Mfflft^t»^-r^. 



5 

[0024] m^mmmt^mm&uc^x. ?-zm 

[0 02 5] 7 -A&mftmmttCteVZA b i tr- 
*^Sfi^J"C«, f*— £ (DM S B(D^%Sc*C frfctf), gu 

^gyasseo Hc«t0 4b i tf-^^yr^ 

£H^CO(,>TtT&0 0 CCD££\ ^fflE£64 0x 
4 8 0 F 7 F <h-r^<b, ^»)>^6 0 2CCtt, 1 9 b i 

2<DJL{44b i tCOm^MSB^^ffiRjiTS. 

coR^ffl^t, 04^05 cct!£i\ mtimmmt 

T\ HH^ffit*»3 03e5fiW*»fflK:tt?l!-rs. 
[0 027] HQtC^HJSWCCjrS^-jrfilje^ai 0 

[0028 ] VRAM7Y h^Hilpl5§2 0 lCCfo^T, 
n> hP-7^e>VRAM 1 0 ZlCyt-ttifimfrtltcZ 

t?, v-[n]gg9 0 2CCtt % 2ilD<^^-Yv-B$r B 1T 
T 2 (fc/tU T, <<T, iT^) C£ # 

^>p-r&<h, «rJ6©»K ai2©iafiCTii5i8iecy- 

^CCJ:0VRAM103 ft^f - T-Z^m. 
Isl!§2 0 4KlR»£&ti. ^Slmr^ £ fcg-^ f*- £ 

9pipIS§2 o 5tt»^9 h$ij$JtPis£9 o 

£6(c. #SSSS0»t?tt, £-Yv-[n]&g9 0 2(cfoi> 
r, ^ Y 7-HJ|8IT 2 •)> h»7 lfc»4Hl* 
«^^A7^ Hf^To u tifirtyZU h%WMS& 
9 0 1 CCA*3*lS<bifetC. £YAT^Mi^Tou 

UcCd:4CPU 1 0 ItftftfelUC. tti*«»rrs* 

0SS9O 1 CcA^SftS, 

[0 02 9] WC % m 1 0 Q#SSi60«K:;fa»<&'< y ? ? 

4 hmmmto<Dmttmtimzmti>x % **9*4Ywm 



(4) «fHPF5- 1 2 7 60 8 

6 

[0 0 3 0] CCt, 1 0 0 Hi, ^YA7^ Mi^fT 

a tt*a^f c t m * b <b zmm? stvcua* 

^A7»>H2 7 hBJST*^ X, 1 0 0 2^ £ A 
7 2 P 'J-fe-^ Ht#T r e stCjzO^H'AT^ Hf^T 
o u t*'J-fe? h-T££>r AT»? H;-fe* n§rc&r* 

10 [0 0 3 1 ] * >fA7^ Mf-^To u t*«, S>-T? 
f^^i^, ^^A7^ h-fe* h@?Sl 0 0 Hi, $j 
TC£^B£Jg,^U h9mmK9 0 1 

iW^mi. ^2^«C^t^A'^7'l' FW 
ESS 2 0 6 iia«©»ffifttTtt5. 
[0 0 3 2 ] ^^A7v Mt^Tou t#7^7w:/K: 
£>f AT 1 ? HHSS1 0 0 1 S^Ci 

ou tsHa^astts. 

[0 0 3 3] 3 6(C, C<DtttKK::fa(,>T* ^^A7^F 
20 'J-by hff-^T r e s^A^StiSi. £-YA72H> 
hHiSl 00 2(CJ:0. £-YA72 Ma#To u t 
*jyH2yh3tl % ^U7 I )Ft-; MhIKI 00 

[0 03 4] 

[0 03 5] ^6^C, ffim^tt, 3>h7XM^' 

[ 0 0 3 6 ] ^rtsccaje^ftr>3fc«cc=i> h ^ 

[0 03 7] 5 6CC % »2<DH«ieiCCfiR-5«WCCj:n 

«iA*B$raa j n$i»/c»^, ^ ^ ha?K«s^««^ 

^•CbJotl >fcS^rtg&Btt Uf?SgRCc«o C 



(5) 



[02] mi mor- z fleets i o b<D<k*)&mtf:zf 
[0 3] vram^y nfta^ey- Fwaas-co^a 
[0 4 ] =3> h hiaiHaiisBosnwjiKMoia. 

[06] *^CDm2^te^iJ(Df r -^*te[nIS§C0^n 
;> ^0 O 

[07] HJ6«tf6©3IS«WK:J:4K*c* 
[08] Sf*OLCD©A-KM^D7^i c 



EfRPPS - 1 2 7 6 0 8 
8 



* [09] xmi<Dm3<Dmnmt l ckv2>7 : -zmmi o 

5^0»ffl&^n * ^0 O 

[010] *mw<Dm3<Dmi&ffliz*5V2>s<v >?^4 v 

10 1 CPU 

1 0 2 LCD^> a-^ 

1 0 3 VRAM 

1 0 4 LCD^y^^l/ 

10 105 9 s - 

* 106 3>h7X h -rC**^-/ hBSB^K 



101 



c 
p 




u 





[0 1 ] 



102 



LCD 

3 >Fp-7 



104 



103 



VRAM 



105 



106 



[02] 



203 



201" 



VRAM 5^ MfcffiHK 



205- 



202 



204 



Z3 



206- 



<< 
b 



[03] 
START ^ 



VRAM 5 Y h&ffi 



-301 





L 302 
Yes 















No 



c 



-304 



END 



3 



[08] 



104 



103 



106 



(6) 



[04] 



204—/- 



404 

d— 



401 
_4 



A > B 



A < B 



402 



"7^ 



405 



axd^^hi 



I 



403 

Qo 

Qi 

02 
03 
04 



[05] 

START ^ 




VoutTy^ 



-605 



Vouty*> 



508 



END 



(7) 



nm^5 - 1 2 7 6 0 8 



me] 



VRAM ■/- 



601 



[H73 



602 



/< 






V 




4bit 


71/ 










> ? 










if 













+ 





B 

VRAM 



z: 



102 



101 Tres 




(8) 



«fHJ¥5- 1 27 60 8 



1 0] 



Tres 




401 
_4 



402 
__d_ 



204- 



405 



403 



1002 




-1001 



77T 



Vout 



Tout 



